A new diphenyl ether glycoside, xylosmaloside (1), was isolated from the MeOH extract of Xylosma longifolium Clos. The structure of xylosmaloside (1) was elucidated using MS analyses, extensive 2D-homo and heteronuclear NMR data interpretation and the chemical conversions. Xylosmaloside (1) showed stronger antioxidant activity than ascorbic acid.
During the search for bioactive secondary metabolites, we had reported on various natural products, such as fungi metabolites, marine organisms and plant products [1] . This time we focused on metabolites from Xylosma longifolium Clos which is a shrub, distributed in tropical and subtropical regions, North-East India and East to West China. In India, X. longifolium has been available as folk medicine. The fresh leaves and stem bark extracts of X. longifolium are used for ringworm, which is caused by Trichophyton ajelloi, scabies and acne. The boiled and brewed leaves of this plant are used for curing fever, tuberculosis, inflammation and bronchial disorder like dry cough. The steamed stems are used for pain and protruding hemorrhoids. The roots are used as tonics and the nectar is used for fever and cough. Until now, triterpenoids (e.g. friedelin, olean-12-en-3-ol-28-oic acid 3-Dglucopyranoside etc.) and flavonoids (e.g. quercetin, kaempferol-3--xylopyranoside-4'--rhamnoside etc.) have been isolated and characterized from X. longilolium [2] . Moreover, the aqueous and alcoholic leaf extracts of X. longifolium was investigated against bacterial and fungal strains [2] . The extracts of leaf and stem bark of X. longifolium exhibited antioxidant and anti-dermatophyte properties [3] . However, further comprehensive investigation of X. longifolium is necessary for medical resource utilization. Here, we report the isolation, structural determination of a novel diphenyl ether glucoside, xylosmaloside (1), from X. longifolium, along with six known compounds, methyl caffeate [4] , rutin [5] , 2hydroxyphenyl -D -glucopyranoside [6] , kaempferol-3-rutinoside [7] , ethyl -D -glucopyranoside [8] and roseoside [9] . Their structures were elucidated using MS analyses, extensive 2D-homo and heteronuclear NMR data interpretation and the absolute configuration of sugar moiety of xylosmaloside (1) was further confirmed by HPLC analysis of glucose derivatives. We also investigated antioxidant properties of xylosmaloside (1).
The MeOH extract of X. longifolium was evaporated to an aqueous concentrate and successively extracted with EtOAc. The EtOAc soluble portion (22.71 g) was chromatographed on silica gel by using increasing concentrations of EtOAc in n-hexane and MeOH in EtOAc as eluent. Further purification was carried out by Sephadex LH-20 chromatography using chloroform-MeOH (1:1), by chromatography on ODS column using 5% MeOH / H 2 O as a solvent system and by preparative HPLC on ODS C-18 column using MeOH and H 2 O as a solvent system (20% MeOH / H 2 O) to afford xylosmaloside (1) (21.6 mg).
The molecular formula of xylosmaloside (1) was determined to be C 18 H 20 O 9 from the molecular ion peak [M] + at m/z 380.1112 (calcd. for m/z 380.1107) in the positive-ion HRMS-EI with 9 degrees of unsaturation. The IR spectrum showed the presence of aromatic ring (1498 cm -1 ; 1588 cm -1 ) and hydroxyl group (3375 cm -1 ). The 1 H NMR spectrum of 1 showed the presence of seven aromatic protons, six protons of sugar moiety and one anomeric proton. The 13 C NMR values for all the carbons of 1 were assigned on the basis of H-H COSY, HMQC and HMBC experiments ( Table 1) . The 13 C NMR and DEPT spectrum of 1 showed the presence of five olefinic or aromatic quaternary carbons, seven sp 2 methine carbons, four oxygenated methine carbons, one oxygenated methylene carbon and one anomeric carbon. The H-H COSY ( Figure 2 ) and HMQC spectra showed that 1 had partial structures -CH=CH-(C-5 and C-6), -CH=CH-CH=CH-(C-3', C-4', C-5' and C-6') and -CH-CH-CH-CH-CH-CH-(C-1″, C-2″, C-3″, C-4″, C-5″ and C-6″). These analyses revealed the presence of sugar moiety. The HMBC correlations from H-2 to C-1 and C-3, from H-5 to C-1, C-3 and C-4, and from H-3' to C-1', from H-4' to C-2', from H-5' to C-1', from H-6' to C-2', suggested the 1, 3, 4-trisubstituted aromatic ring and the 1', 2'-disubstituted aromatic ring, respectively. On the other hand, the HMBC from H-1″ to C-5″ and C-3 and from H-5″ to C-1″ suggested sugar moiety was conjugated to C-3 position. Up to this point, we could not determine the position of ether linkage between A-ring and B-ring of 1. Thus, we attempted chemical conversion of 1 in order to decide the ether bond position in 1. Methylation of 1 with MeI and K 2 CO 3 in acetone at room temperature for 68 hours gave the methylated derivative (2) (Figure 3 ). The HMBC spectrum of 2 indicated the correlation from H-5 to C-1, from OCH 3 (at C-4) to C-4, from OCH 3 (at C-2') to C-2' and from H-3' to C-1'. Furthermore, from NOESY correlations between OCH 3 (at C-4) and H-5, H-2 and H-6', and OCH 3 (at C-2') and H-3', the ether bond position was definitely determined at C-1 and C-1' (Figure 4 ). From the above data, structure of 1 was elucidated as Figure 1 and was named xylosmaloside. Diphenyl ether compounds are relatively rare in natural products, although there are a few reports from some plants, marine organisms and fungi [11] .
Xylosmaloside was evaluated for its superoxide dismutase (SOD)like activity by using SOD water soluble tetrazolium (WST)-1 methods [12] and ascorbic acid as a positive control. Xylosmaloside showed antioxidant activity, and its activity was stronger than that of ascorbic acid. The IC 50 values are shown in Table 2 . Determination of Sugar Configuration: D-Glucose (5 mg) and Lcysteine methyl ester (6.2 mg) was dissolved in pyridine (50 μL) in a screw-capped vial and heated at 60°C for 1 h, and then, phenylisothiocyanate (6.2 mg) was added to the mixture and heated further for 1h. After drying in vacuo, the reaction mixture was analyzed by reversed-phase HPLC (Cadenza CD-C18, 4.6x150 mm, 3um, acetonitrile 30%-100%, 0.5 mL / min) and detected at 250 nm. The retention time of the derivative of D -glucose was 10.22 min. L-Glucose (5 mg) was treated in the same way and the retention time of the derivative of L-glucose was 7.62 min. 1 (0.5 mg, in 0.05 mL MeOH) were hydrolyzed by heating (100°C for 2 h.) in 5% aq HCl (0.1 ml) in a screw-capped vial and neutralized with Amberlite IRA-35. After drying in vacuo, the residue was dissolved in pyridine (0.1 ml) containing L-cysteine methyl ester hydrochloride (0.5 mg) in a screw-capped vial and heated at 60 °C for 1 h. A 0.1 ml solution of phenylisothiocyanate was added to the mixture, which was heated at 60 °C for 1 h. After drying in vacuo, the reaction mixture was directly analyzed by reversed-phase HPLC as
